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1. Bince development of military and eivil automobile manufactuve ¢alled for starter

batteries which coula not be cbtained from abroad in sufficient quantities, a

| starter storage-cell factory was wuilt 1n the tovn of Podolsk, 45 kilwmeters
northeast of Moscow, circa 1935 to satisfy this need. Although official Yearly
Production 1n 1941 was det at 700 thousand units, actual production nevar exceed -
ed 300 thousasd functional datterles due to shortage of rav materials and elec-
‘ric power pply. ‘The fastary vas a 8ingle-story building, but a second flooxr
vas added over o part of the xain pPlant, to 1solate and house tho laboratories
ard test rooms. Also, an additiona) lean-to was constructed Por tke electrical
substation, which boused the transformers and rectifiers. Transformers wera
Placed in special concrete chambers with cellars of concrete beneath; in case of
fire or explosion, the transformers fell automstically into these cellars, which
Yere then eovered by large cement slebs. There wave four .uch,trmtomra_: one
bank of thras, ons-phase units for fesding mercury rectifiers, Daoviding DO
SWrrent for tis nseds of storega cell roduction, and one three -phaye transformer
Zor ght ena power. Rlectric power Yas obteined from the Mogcow go
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3¢ As far es materials were concerned, very pure lead of good quality from the UK
vas used (99.396% Pb), as well as Siberiar and Fergana~-nined lead. Specifica-
tions for lead to be used in surface plates. Tudor plates and Plante types

were:
Pb not lese than 99.98 %
Fe " " " C‘Ooz %
Zn " u n 2,001 %
Cu " " fe 0.001 %
Sb " [ " 0.005 %
B1 n " " 0.005 5
Ag n " " ().0005;‘

Unfortunately the better UK and Soviet leads gererally went to the len Iskra fac-
tory in Leniigrad. For second-rate Production of plates, government specifica-
tions allowed lead of "mark Cl, OCT/BKC 8022" with specifications as follows:

Pb not less vhan 99.93 %
Ag " " " 0.0015 %
Sb&Sn " " " 0.0095 %
Bt " " " 0.05 %
Pe " " " 0.002 ¢
Ag % " L] 0-0015 ’
Zn - " " 0.00£5 %

No attention wis paid to the quantily of Cu, which vas less desirabls than Zn,
Bothing was m1d about Mn, quantities of which in Soviet lead were o large that
stand-by and floating batteries for electric stations as a rule became dark red
when fully charged, due to pormanganates formed in the electrolyto. '

4, The Podolsk factory often got lead of aven poorer quality, but fearing to close

the factory vecause of criticism levied against such inferior materiala, kept

\ §oing in the hope conditions would improve in succeeding ehipments. The labors-
tory vas overloaded with experiments upon the "ameiio-ratio" of modueticsd, so

Whemielves had beon used up. . ' -
5e (Sv) was mostly received from abroad, although atﬁeiu.];y it was supposed
%0 Dave comn from’Siberia. Specifications wore:
8b . oot less than  99.00 §
To, B{, 01 " " ' Too5 g
c“ "l ” " 0.03 ’
Pb 30t more than  G.60 ¢
s Y 0,05 &

Orids of Zz, B1, Cé, Ag, Ma, Sn together, not more than 0.03 %. Neitker gold

nar P4 could be present in any material even as tracas. Laboratory teats ‘showed
of the chief navses of early failure of storage cells was due to datimory .
¥) or 50 syulss durirg which atimony sproared o be g vary useful edAition
to the crids of the plates, it.l:;nnto @ather on tae minus plates and cause a
sexiovs felf-discharge, which to incessant over-charge of the positive

plates ava 1% dertrustion, .

6» TYor this reason, the Podclsk Tastory started a lins of laboratary experiments to
"T$ and thea to 2.9%, dut then the §00d mechanical properties fell oo mush,

and
pedssning effest upon storege cells remained. Scoe sdditicas of antimony, $o 0.4,
mmmu;miwwunmuyutn.lumhhu't'cboobm.ulfm '

Abroel dzs to leck of Boviet fin mines of e 1 was abandoned, 25%1
RS arperimants with other Wﬁl alloy (0.1$
of celcimm) with far detter &nd elecircchemical affects. Orders wers
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glven to the Solikamsk Chemical Factm near the Urals to prepare ¢ lead rich with

caleiume This concentrated alloy is
calcium are minimized.

Active Mags:

The Podolsk factory used leai oxides for
Aceunulator Leboratory (ZAL) made extensive tests

added to the lead for grids, and losses of

Peeting plates; although the Central
1o the interest of using lead

o:ides vhich produced better cells, only by late 1939 Podolsk began intensify-

ing its experiments in introducing lead powder,
the Jaroslav Chemical Factory;

Official Specifications

0,025 ¢
0.0400 %
0.,0040 %
0.0010 %
0.0010 2
%
%
%

0.0050
0.0005
0.0050
none
0.0%

Sb
Au § Pt -
N1, Co, Mn, Sa, Ca, Ag -

- -

For eome reason, 1t was Pfelt that those slaments listed
second. column were .never present, or that their presers
to elixinate analyses thereon. Oxides were

sccepted without laboratory comtrol.

Alloys of many metals wers tested,
The actiocn of oxide preparation was

8.

and lengevity of pistes.

longevity to plates, +hat so-celled "double Sucnt®

und.
fiiel

lead oxides were obtained from
specifications for both oxides were the same,

Usual Deliiveries

0,050
0.0500
0,020
traces
0.010
0.050
0.001
2

TRWHR WRR

?
?

question mark in the

-
32-34

ce Was 20 unimportant as
scarce, and frequently'mteria.ls Were

and Ca-Po was fourd to be the most suitable,

tested: the subjec® of the mare spacialized
tests wery the connection betwsen temperature of preparation, humidity
seeming 2rd real specific density and resl specific density,
It wvas found that only greenish or

~ontent,
size of rarticles
Yellow litharga gave

lsad oxida geve pnorer rosults,

erd oxide with & suall content of Pb metal (1.0 - 1.5%) gave a lorger 1life, sinca

its addition for positi>-
negative plates showed o

Type of Pvo

longer life as

$0f FBKetal  _rems
in Inch

——tn Mixer

Lol7%
5.9 %

020

Po0, first burning

3
(green-yalicv)

32
Ly
Becad tarning

{reddfsn-trowm) %

S Natepy

Yater pracanted & serious Jrodlem, for in the Podolsk ares it was highly
Preparation of Jargs quantitfes of
shortege A project was misrtixen to empliy
iaeuns Xlarvicel Water Purifioation stee, Wt was abandomed Ace to tha
Sply sufficlient sisctricel powsr to the factory, Rain and
factory suoke from Mosaow.
followirg were the water requirements for

and ‘oould mot be used.
&mmtu,team

af funi.

inadbiisty o
in

water was polluted by

‘SRCRET /SSCURITY IXFORMATION
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’ Absorhing

3¢5
b2y

-plate Jaste made the plates stronger in handling and
indicated ia the following table:

Tiue of

+0¢9

35

155 1t ks

E

diet1dled water

As

t0
storage cell pro-
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Water for Rlestrolyte (0ST/vks 2355) i

Colorless
Traces
none
none
0.004 ¢
0.00005%
none
none
0.0008 ¢
0.001 ¢
0.0001 ¢

Sometimes 1t was poassible to obtain condensaie from the nearby electrical sta-
tion, a turbine condensate which contained some lubricating oil vhich was not
hareful. Ths factory laboratory prepared its own distilled water for test uses
on a kerosene stove, Tests showed that some impurities were not dangerous for
starter cells; Cl is evolved from the cell during its boiling, so that after
three to four charges, 0.01% of C1 added to the electrolyte disappeared complete-
ly. Damage to the cell was not as much as expected. Mn proved laas harmfl
than P2, for during the ¢harge, Mn disappeared “rom the aphere cf action, falling
to the bottom together with tne shedding matertial as Madp,

10, Swlphwric Acids

Sulpauric acid was obtained fram Soviet shamical factories, and varied greatly
in quality. Here are two examples of (a) acid by official s‘andards ad @)
acid that was used as a 8004 one but which actually was not:

\ ®) Swlphvric gete =L 5335

Specific density (15.5C) -cwowmee 1.835
HS04  mmmoocemmeas —m—eeena 93.19

COLOr el Colorless

Juspended Matter  eecomoeweo_. none

S T TR traces

A8 & 8b e "

- S "

Fo @ e 0.005 ¢

21 SRS P 0.0025 %

L e L S 0.001

Organic Substance none

Fitrates & Nitrites none

(®) Rest Sample of Suiphuric Actd Obtained:

Spociﬂe dmity ------------- - 1.80 to 1.84

% Hp80, R A LR T LT 92 to S3.2

Color -- Oftcuyuuovorbmnmtomnng

straw,

Suspended Matter eeveecceeeo. Frequent Traces

Bt - Usually nov:

A% & 8) cnrcnecanacenca- As, traces; Sb, none

Mn 0:0025 to 0.005 %

D LI O U ~—— 0.01 %

Cu - : 04005 %

Cl «ronuna 0.002 &

Organic Substances =-w--- Sericus traces at times
Ritrates & Nirites Traces

SEORET /SECURITY JNPORMATION
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l 5.

Experimente showed that Cl, N and As disappeared after a few charges with a good 3
bolling of cells. The Len Iskra plant, due t3 war coutracts, was far mors care-
ful on the question of impurities,

L. grigs:

For the most part the Podolsk plant copled US types of starter cells, with some
changes Introduced later, Grids were cast in hand forms; to prevent sticking

of grids to forrs, the latter were smoked by acetylene-toren flame. By 1939, ex-
periments were undervay to 8implify grids; part of the horizontal threads H\e’;e
cut away, which lightened the Dlates ard raised their capacity, but resistanae
of positive plates grew, which was bad for starting motors. No 111 effact

the negative plates were noted, ‘

12, As the 1life of starter batteries was 80 to 90 tycles, the thickness cof plates was
increased tn 1940 from 2 IR 0 245 mm, and in 1941 rlates of 3.5 mm thicknegs b
vere triad, which actually increased the capacity to 120 eycles » but net 200 eycles
83 Was reported. The percent of stibiw: (antimony) was reduced from 13% to 638,
and ordsrs vere given to use Ca alloys; however, World War II interfered, and-yae of

8b alloys was cantinued,

13 The Mstallnurgic Factory tuilt an sutcmatic machine fow srid-Casiing
vhich broke Amm P4 & Wied run ang was nct used again, Finished grigs vere
seut t0 storage where they remained for a month in arder that all staina might
disappear. Lead alloy was preparsd in large kettles; temperature of metal covld
not be over 500 centigrade, and furnaces were heated by coal,

id, Pasting and Paste:

Pasting wes done both by hand and by nachine pasting by hand was s % E A% T
tas Machines resembled German-type mchmes,ﬁu‘”‘j 50%1-HUM
factory trademarks Weres replaced with Soviet 8.  Oxide paste,

@  For plus-mims plate, Pp - 50% and PO - 504 vere placed in a German-
type mixer of 360 1ttere COPaCity. After e good LS-minute mixing, the
first vater oqual to 2,5% is added, mixed energetically and then BaSoy -
17 % (4 0 1,05) is addea a2t mixed for 15 minutes ; then the second water
oQual. t0 2.5 % 18 added and after five minutes of mixing, water is care-
fully added by smaly partions until the necessary pasting thickness is

3 runmmm,m-mmnao-mﬂwaliwmmed, in
the same manner o3 descrived in the Plus-minus operation,

15. After strong sdvise to turn to lead powder instead of oxides, the Podolsk factory
mb:.. to reconstruct 1ts operations. Two types of nills for powder were avail-
able:

& A German m11); 4w Bronze oylinders inside a gtee) one, vith a srailer ons
-wmwwaokgmhm,m;hrgwmemmg&toeots
Ver hour, working c-70w90,mmhtion-50t060$orpboe

(v Amw;mmm,ummmwmruﬁmughm

hmm,mm #ammmhlnmwofmemw
Syliadar. Uxidation s o wer C = 135, mroduc twm to taree
aunired kg per nour, ! e ! e b

Yellowisg wors the charasteristics o powiers useds

- .. "y RPN o U, o ‘MA ” P o - 62-9
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(u} Volume weight - 39 gram /inch

() Oxidatiaon degree - 50 to 75 $. Powders with the oxidation degree below 50%
could be added to the peste of minus plates in quantity equal to 10%. Best
oxidation was 50 to 60%. "Burnt" powder could not be used in a pure state,
but could be used as a five to 10 % addition to the plus plates:

(@) Seeming Specific Weight Plate Capacity Plate Life:
1.60 - 1.85 Good Short
1.85 - 2.15 Good Long (80 to
100 cycles)

2.16 - 2.4 Poor Skort
Then the ns'ict.mte, Kr5, was ardered for starter cells, negafive plates, cén;.
sisting of: T : '
@) Pb powler - 100 kgs.
(o5 BaB04 - (a° 1.40) 180 liters.
(¢) BExpander - 35.u kgs
@) V.a;tar (1n 18 portions) - 69.9 kgs

The above was mixed for two hours and 20 minutes, at a temperature of 70°to 80°

oontlm.' Paste Er 5 wac especislly intended for negative starter plates; lead
powder for this paste had to answer the following specifications:

@) Ocl~r - greyien green

o) Abporption mamber - 13 to 16

(¢} Trough a standard (Taylor‘s) sievs of three hundred meah. at lesst 50% has
tom* » 3nd 5ot more than 25% was allowed to remain un the one hunired mesh
sleve. .

@) swfation cosfficient - 38 to 40

(9) Ruantity of B2 - 52 to 65%

(¢) Volume by wetght - 3z gram /inch

Kagatize plates mads with this Paste gavo the folloving trouble; if they were not

yroperly dsied, due to the high watver conteat » they then became covered with

z:bbi;; vhdoh during further Xrocessing cracked, and the active mass started pee.

PE £

Powdsr paste for positive plates: to 500 kgs of well.-mixed Pb powder, 18 portioms

of 2.5 kgs Water were gradually added apd agitated . then 26.5 kgs o weter
mmmmrommmmaoumue, foumbythouwtiocdkinﬁ
kgs of HaAoy (1 s 1.32).

Bxpander

e following vis ths best sxpander formuls used:

- lko.smatntcrmmmnm,mu.ztm.mosmot
HoBCh (& =-1.83)s To this solution (1ts t° C = 95 to 110 Aegrees centi-
m)mmzsommcottmmto,mmwaumutmm-
became & trownish, glus-ltke quid, with no threads opparent. 73.2
kgs Of Bad0) weis alfed and woll mixed. The mixturs was o t0-35 degrees
mm,ua.sumotuyhmmm,nou especislly
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Frepared by burning o1l with insufficient air, e
for use, with a specific density s 1.5. SPANIEr W3 then reaty

expander ma:
@) BaSOy - 99,4
((b) Cl - Traceg, ’
e Ca30y . 0,73
(d; Fo - o $’
e) 812 - 2,02 ¢
dy Volatile Matter = . 2.89 ¢
(& Heavy metals - nope
(h) Volume by weight - 4.4 &ram/inch (Scott)
Speciﬁ.catiou for cottan waste;
&) 810, . 6
&) Ferns . 1.1: %
(O’ Ca0 - J& ’
(d) NgO - Onh ‘
@) sh - 20 %
Specificationg for HaB0L for expander
@) H2804 monohydrate
= 92 to 93
g)) golor - colarliss *
€ - leas than 0.015
(.}] As and Pt . absent, *

20, ?; Ian Iskrs plant in Leningrad ugeq Fure sterage cell sulphurie «cid, chemicaql.
e o Mhsom; t::d good_cotton vadding for its expanier, with €00d resgults
100t) ragioda tory trled to Teplace napntha blacx With £1lburgine (acatylene
: :g. b;adi“v:.th éreat swellings ang m:'ng off of active nss a.-
1t vag s 20T aftar thet tine tng oS e 2 '
I'ocess of further oar
b - P " i waty g oy bonization of celluloge

Pasting:
Pasting wag doubynputug Bachine. On a mup
v . ber table sheets of
mmmn:;" o to mevent paste sticking ty tor ritber. ifter mb:'x):&:am
9 In tm'.:. coveTed by shest; o blatting POPer &bl soussed by & rubber

‘.mun. oat. mmm&s‘%m::tgﬁ?uu tothoma, id excess water

m P were lt“r t ° s done
in large tankr, for woty Positive qua nsgaive nlat:. togothorl?’ 'E?. ;:: nh:n

' ST e A< ~ g o 3 62-9
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@) J-middle - 0,18 A/Dec
&) J-end - 0.12 A/Dec

The best temperature for both plates was £ 15 degrees centigrade; bver temper-
atures resulted in buckling of Positive plates during the process.

The Podolsk factory, however, preferred its o¥n formula changes as follows:

@) B2S0, - a: 1,150

(b) % = 15 degrees centigrade
() J-begin - (for 70 hours) . (.18 A/Dec
@ Jmiddle - 0.125  ADec (for 80 to 90 hours)

This reduction vas to save the positive plates from damage by an extra charge.
The higher the current density, the better the efficiency, but weaker the plates.
Cementation of Plates vefore formaticn was found to be useless ang even harmu),
due to eracking of the negative plates when the concentration of acid ip electro-
Iyte vas allowed to exceed 150 gram/liter.

Sealing:
Plates containing gases in the active aass (N C0s) formed £1lms of lead sulfate
on tas surface of pPlates that 3id not allow e%ectrolyte to penetrate. Siow dip-
ping of plates into the formation tanks proved a remedy against this, The Len
Iskrs plant complained that they found strong scaling when the (NH;‘)‘?SOA concen-
tration ran over 150 gram/liter. The presence of ulkalies damaged piates. Posi-
tive plates suffered especialiy, and active mass was weaker and the shedding ef-
fect stronger. Preasence of NH, ions acted {n the Sam® manver, which is the rea-
ton the Podolsxk fartory 414 not use ammonia electrolyie. Nor could the fictory
obtain a gcod formation efrent with positive Plates pasted witha pure lesg powder,
Small additions of P304 were necessary, ctherwisc the formation lasted g long
tine, and only 554 of Positive plates were forued. Positive plates with pure Pb
powvder made oxygen from the star:t, and even a long formation could result in no
nore than 80% of lead gulfate Passed into lead dicxide. Another reason the
PFodolsx tactory rejected the Len Iskra ammonia Process was due to the necesaity
of waghing the Plates, after formation, first in an acid of d * 1,120 ana then
twice in Alstilleq vater. After formation at Podolsk, plates vware ringed, us-
vally only vace, and placed in drying stands. Experinents were underway in 1941
to dry them in a flow of varu air of from 30 to 40 Jegreas centigrade,

Jssembly:

Platez wirs brought into the acsembly section, gathersd into blocke, ana sealed,
after whinh they were sent to sutomobile factories. Thege Were at rirst sent un-
filled ana uncharged, wut later 1t wan ordered that they be eent in g slightly
forred state, the formation 10 be completed at their destinatior.

Many valuable research problems were etudied in tae Podolsk labaretory, which were
pever ut into practice by 1541 due to govarmmert red tave, Tiey verked out a

in dlocks, and formation done in o wak electroiyte of 4 = 1e150s U begin = 0445
A/D2, and aftar 36 hours ¢ 7 siddle = 9,3 A/Da for 4o hours. Then blocxs were
vuplaced, sealed, filled witn acid of d 2 3,40 ana charged with J = 0.i§ A/Dg.

SRCRET/SECURITY INFORMATION
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As there was & wveaker acid 1n the peres of plates and separators » concentration
of acid fell to 1.280. The charge was made t111 +he veltage o5f cells came to
25 volts. Such an initial treatment brought batteries to within 50%¢ of their
official capacity, and increased with ©Very new coarge. Town gas with air en-
riched by oxygen was used for soldering instead of hydrogen.

26. Separators:

Wood separators were used exclusively at Podolsk, although due to shortages of
lumber, it was crderec that & substitute be Tound. The Len Iskra plant began
using glass separators that did not dissolve in sulphuric acid,in 19151, for mil.
itary batteries. Wooden separators have e pocitive side; they give into <he
electrolyte small quantities of lignin which acts positively upon negative plates,
reducing the aging of the negative-active mass. Scme of it, however, gets oxi-
dized near the positive plates, and damaging acetic acid is formed. Preparation
process was as follows:

(a) Wood separators were obtained from a nearby plywood factory.

(b\ From storerooms » they were sent t¢ the separator section and losded in-
to nerforated basket. anc sunk into tanks filled with flve percant
solution of NaOE. This scluticn was kepl al 1°C = 40 to 50 degrees
centigrade by a barbateur, Separators were soaked for "G hours.

(c) Then the alkali solution ¥as poured sway as quickly as posaible and
replaced by fresh water, and all the wnile Protected from the aciion
of fresh air as much ag Possible. Water -~as heated and mixed with
steam; NaOH tars, soaps and all soluble matters wagshed away. After
being washed, separators pase through a lamp-controlled apparatus,
coneisting of a long rubber belt with a hole in the middle, and defecta
are rejected.

| 27  Separatars are then put intc ceurraiization tanke with HoS0k, 4 = 1.05. After
swaking for 24 nours, they ere taken out, placed in cold water teanks, and sent
to the assembly room. They must be kept either in water or covered with wet cloth-
ings This process is called tepid cleaning; it results in separators that have
the same 1ife as batteries. Ssveral woys were proposed: Cold washing, where
minus 15 degrees centigrade of NaOH solution was used vita 70 to 90 houra of soak-
ings Separators have a spall Ohm Tesistance; they are sufficiently free of im-
prities and are rechanically strong, but the Proceas takes much time and floor
Space. The hot process, vhich takes eight hours in a 100 degree centigrade
golutioz of NeOR, is e quick, aconomical process s but results in mechani
veak, short lived separstors. Oak was found unsuitable. Redwood was sultosle
if the hot method was used; with lewry wood, only the cold method was possiile.

28. Jars:

The most used batteries in the USSR were 3-57,85, 3-ST-114, and 3-97-1k2, meaning
thres Gells in cne block, six volts, ctartes 85, 114 and 142, the ampere Lours

of each type. Sometimes these cells wers marked 3-STP-87, etc, the addition of
the letter "FP" meant that the block tacks were made of plestic. These so-celled
"plastics” had nothing to do with real plastics s Such as vinyls, or Folistirols,
but instesd were mixturss of Trinidad asphalts ; bitums from oll-cracking factorties,
finely crownd vood, cotton waste and asbestos. Various combinations of thege
saterials were used for plastice in starter batteries, which vas a source of con-
stant trouble as they sooner or later developed leaks, scmetimes within the first
month of use. Ebonite Jars vere gool in this fense; they seléom lemxed, ani vould
be glued as the leeks were on the outside only, One material in pm"ticu:.a.r‘,lmwnu
RHweg®,"vae used for block bagks. » This wvas a mixt'we of bakelite "A
aubeotos anu polistirol, ia sual) quantities, Its specific welght wvag 1.1, re-
sistance to Atstention 70 to 175 kgs/em 2, bending 1750 to 560 kgs /em2, erushing
hib xgs/m2, C = 0.03 to 1.34.
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29. Mastics for Covering Cells:
The last formuls uged in 1941 was:

) Bitun of naphtha -  §3¢
() Lubricating -
3] 011 s::t -0115’ 1%
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